Un análisis de género de las estrategias de colaboración de los científicos españoles en nanotecnología by Villanueva Félez, África et al.
 Un análisis de género de las estrategias de colaboración de los científicos 
españoles en nanotecnología. 
 
 
 
Africa Villanueva-Felez 
Richard Woolley 
Carolina Cañibano-Sanchez 
INGENIO (CSIC-UPV) 
Universitat Politècnica de València 
 
 
 
Resumen 
La investigación aquí presentada estudia las relaciones de colaboración en I+D de científicos 
españoles en el área de la nanotecnología. Los análisis efectuados se han llevado a cabo 
desde la perspectiva de género con el fin de evaluar: 1) si las estrategias de acceso a 
información a través de colaboradores difiere entre mujeres y hombres; y 2) si dichas 
estrategias presentan diferentes resultados en relación a la cantidad de información adquirida 
a través de los colaboradores. 
Los resultados de este estudio muestran que las estrategias de colaboración de las mujeres se 
basan sistemáticamente en la amistad, mientras que la de los hombres en la frecuencia de 
contacto. No obstante, los resultados también demuestran que los hombres desarrollan 
estrategias específicas en función de la naturaleza –estratégica o instrumental– de la 
información adquirida. En cuanto a la adquisición efectiva de información de las diferentes 
estrategias, los resultados presentan en términos generales una ventaja de las estrategias de 
los investigadores hombres respecto a las mujeres. 
Como conclusión nuestros resultados sugieren que las diferencias observadas en las 
relaciones de colaboración científica, pueden estar contribuyendo en el desigual desarrollo 
de las carreras científicas de los hombres y mujeres. 
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1. Introduction 
The field of scientific work is constituted by formal organisations such as universities, 
government laboratories and private firms conducting research and development (R&D) and 
social institutions such as broad scientific disciplines, communities of research specialists 
and professional networks. Scientific researchers’ careers chart a trajectory through various 
organisations, disciplinary or peer communities and professional networks (Gläser and 
Laudel 2008). The linkages and collaborations which researchers form with their 
professional colleagues are essential to the course of this trajectory; scientific research 
increasingly demands the mobilization of extensive resources including large and often 
diverse teams or looser collectives of inter-connected researchers (Price 1986; Chompalov et 
al., 2001; Porac et al., 2004). Scientific success and career progress are thus inextricably 
structured by professional peer relationships. 
This paper focuses on one aspect of the relationships between individual research careers 
and collective work in science – professional collaborations. It investigates the collaboration 
strategies deployed by individual researchers and the types of informational resources they 
acquire through their collaborative relationships. In particular, it analyses these collaboration 
strategies and resource acquisition outcomes from a gender perspective. The importance of 
this topic should not be underestimated. As Fox (2001, 660) describes, 
[i]f women are constrained within the social networks of science—in departments or 
in the larger communities of science—this restricts their possibilities not simply to 
participate in a social circle but, more fundamentally, to do research, to publish, to be 
cited—to show the marks of status and performance in science. 
The paper’s main contribution is thus to better understanding the gendered nature of 
professional networks in science and how this may be impacting on the research careers of 
women scientists. 
The paper brings together perspectives from gender studies and social studies of science. It 
departs from the theoretical assumption that both the traditional hierarchical organizations 
and the more transitory network forms of professional organization characterizing the ‘new 
economy’ are gendered (Acker 1990; Williams, Muller and Kilanski 2012). We consider a 
rich empirical literature on factors contributing to the structural positioning of women in 
science in developing our hypotheses and interpreting our results (Ackers 2004; Fox 2010, 
2011; Fox and Stephan 2004; Gaughan and Corley 2010). In addition, fundamental social 
network theory and analysis (Granovetter 1973) provides methodological tools for our 
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empirical investigation of the characteristics of professional collaborations. We utilize 
analyses of tie strength characteristics (Granovetter 1973) as proxy measures for: a) the 
strength of the relationships between researchers (respondents) and collaborators; and b) to 
differentiate tie characteristics that underlie these relationships, which we refer to as 
collaboration strategies. 
2. Gender, research careers and scientific collaboration 
The aim of this paper is to present a gender analysis of scientific research collaborations 
and of access to scientific information. The first step in this process is to establish the 
general expectations regarding gender that will frame our research hypotheses. At the 
broadest level the organisations conducting and administering scientific research are 
largely of a hierarchical and bureaucratically organised type. In particular we are 
referring to universities, government research laboratories and medium to large 
corporations that conduct R&D. According to Acker (1990, 146-7), such organizations 
are themselves structured along gender lines, including through 1) divisions of labour, 
accepted behaviours, spatial separations, labour market conditions and power 
distributions; 2) symbols and images reinforcing these divisions and inequalities; 3) 
patterns of interaction between men and women in organisations. These processes in turn 
both pattern and reinforce gendered identities within organisations and produce 
organisations in which such gendered processes are a seemingly ‘natural’ characteristic 
that structures the organisation (Acker 1990).  
Williams and colleagues extend the logic of gendered organizations to take account of 
transformations in labour market conditions in contemporary capitalism (Williams, 
Muller and Kilanski 2012). They argue for the vital importance of networks in professional 
careers in a ‘new economy’ characterized by increased labour market volatility and serial job 
mobility. Their findings highlight the way emergent mechanisms of labour organization, 
such as teamwork, career maps and networking, reproduce the kinds of gendered logic found 
in more hierarchical forms (2012: 21). Gender inequalities are thus maintained through new 
economy career discourses of ‘flexibility’ and ‘transition’. 
These insights are important, as both informal networks and more formalized research 
collaborations are indivisible from social relationships within the scientific profession. 
Social ties facilitate the creation and transfer of knowledge by affecting the conditions 
necessary for the exchange of resources held by other parties and the combination of existing 
and new knowledge (Durbin 2011). Durbin (2011: 98) argues in the context of academic 
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careers that “[n]etworking is a behavior and a skill that is increasingly important to an 
individual’s career development”. Durbin (2011) finds that a relatively closed informal 
social system or “old boy’s network” tends to hold and control strategic tacit knowledge and 
other key resources in academia. Restricted access to certain network resources for women 
can be a barrier to job effectiveness and to advancement in professional careers. For 
example, McGuire (2002) found that, controlling for other factors, women in a large services 
firm received less instrumental assistance from their professional network than did men 
simply on the basis of their gender. 
Glaser and Laudel (Gläser 2001; Gläser and Laudel 2007, 2008; Laudel 2001) develop an 
institutional approach to research careers in which cognitive careers, careers in research 
communities and organisational careers are viewed as three parallel career processes that 
interact in shaping career trajectories. Research collaborators are important for each of these 
three parallel processes, particularly as scientific research is both collective and competitive 
in terms of discovery claims, access to resources, etc. (Beaver 2001; Katz and Martin 1997; 
Melin 2000). For example, collaborators are important for organisational career progress as 
an indicator of relative peer respect and recognition. Collaborators can also be important 
allies in support for access to new jobs or progress to higher ranks.  
The operation of three interacting careers processes thus provides a framework that can help 
explain both the systematic similarities and the diversity of trajectories to be found among 
research careers, including differences in career paths between women and men. However, it 
tends to treat the underlying institutional context of careers as gender neutral. Differences in 
career trajectory outcomes by gender can be thought of in terms of inequalities in women’s 
access to research positions, for example. However, that the hierarchical organisational 
context of a scientific career may itself be reliant upon gendered mechanisms and processes 
is not considered. This paper takes up the insights of the parallel career processes approach, 
but with the addition of insights into the gendered nature of such organisational processes. 
The empirical literature on gender and science careers identifies a range of specific 
factors that impact on women’s opportunities, strategies and progress in professional 
science. Negative academic department norms or expectations may interfere with family 
obligations (Fox, 2010) and, in turn, differentially affect women’s research. Women in 
academic science thus report higher work-family conflict than do men (Fox, Fonseca and 
Bao 2011). Academic women, both graduate students and faculty, also tend to differ from 
men with respect to mentoring experiences (Dreher and Ash 1990; Green and Bauer 1995). 
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Academic women are less likely to have mentors and the nature of women’s mentoring 
differs from men’s (Sands, Parson and Duane 1991; Kiopa, Malkers and Tanyildic 2009). 
The increasing use of inappropriate indicators in the assessment of research performance 
may exacerbate the rate of exit of women from research careers (Ackers 2008). Recent 
evidence also suggests that some university-based women scientists tend to distance 
themselves from other women faculty who disrupt, or directly challenge, the discursive 
construction of science as a gender-neutral meritocracy (Rhoten 2011).  
In developing our hypotheses the literature on scientific collaboration is also important. 
Collaboration is a fundamental element of the structuring of scientific careers. As Merton 
(1973) demonstrated in his work on the Matthew effect, collaboration is central to the 
distribution of reward and recognition within the professional community. Collaboration is 
usually recognised through co-authorships of scientific journal articles, as the ultimate 
product and ‘currency’ of research activity (Laudel 2002; Merton 1973). Collaboration is 
thus important for career progress as working directly with others provides access to 
combinations of research funding and support, technical skills, tacit knowledge, and (often 
expensive) research infrastructure (Beaver 2001; Katz and Martin 1997; Melin 2000). 
Collaborating with leading figures in your research field can augment professional 
recognition and prestige (Crane 1972; Katz and Martin 1997; Merton 1973). 
The literature suggests we should also expect gender differences in research 
collaboration. Women tend to have a higher percentage of female collaborators than do 
men (Bozeman and Corley 2004). There is evidence that women tend to collaborate more 
with other women both in universities (Boardman and Corley 2008) and in professional 
networks (Ibarra, 1992). Women scientists who are not tenured are much more likely to 
have collaborators who are other women (84%). This suggests a correlation between 
lower professional rank and gender homophily (Homans 1950) in collaboration. Tenured 
women, on the other hand, tend to have gender collaboration patterns similar to tenured 
men, with around 34% female collaborators (Bozeman and Corley 2004). This reflects the 
fact that women scientists in many fields - particularly science, technology, engineering and 
mathematics (STEM) – find relatively low availability of other women working in the same 
research area (European Commission 2009; Fox, Sonnert and Nikiforova 2011). Their 
networks will be largely composed of male researchers, resulting in a preponderance of 
heterophilious collaborations. Significant evidence suggests this will reduce the likelihood of 
women developing strong network ties and that the instrumental ties they form will be 
 5
powerless relative to those of men (Brass 1985; Brass and Burkhardt 1992; Ibarra 1993; 
Rothstein and Davey 1995). 
Gender differences also exist in terms of access to scientific collaboration networks. Some 
studies have found men have more research collaborators than women (Bozeman and 
Corley 2004; Lee and Bozeman 2005), although more recently Bozeman and Gaughan 
(2011) found no difference in the number of collaborators by gender. Men seem to 
experience gains in the number of collaborators via three collaboration strategies: 
instrumental, experience and mentoring, whilst women’s mentoring strategy is the only one 
that predicts the number of research collaborators (Bozeman and Gaughan 2011). Durbin 
found that academic men’s relational behavior within the ‘old boy’s network’ is based 
mainly on two tie characteristics: friendship and reciprocity – “friendships are cemented and 
reciprocity is expected” (Durbin 2011, 99). Men thus rely on friendship and reciprocity to 
acquire resources and are motivated to join such networks by the promise of becoming part 
of the strategic network that controls key resources in their profession or organization 
(Durbin 2011; Wirth 2001). On the other hand, women tend to form networks with a strong 
social element, where friendship in itself constitutes the prime motivating factor for joining 
(Durbin 2011; Scott 1996). 
To summarize the literature, scientific research careers and research collaborations are co-
constitutive. Collaborations provide access to the knowledge, skills, resources, training and 
jobs that are essential for working in professional science. Productive collaborations are thus 
essential requirements for progress in research careers. However, access to research 
collaborations takes place within the dual context of hierarchical organizations and 
professional cultures that the literature shows are significantly gendered. Strategies to access 
collaborators, build durable collaborations and acquire resources from these relationships 
apparently differ according to gender. Overall, women appear to receive less benefit from 
their collaborations than do men. 
Hypothesis 1. A positive relationship exists between interpersonal strategies to 
strengthen collaboration relationships and access to scientific information for both 
women and men 
Hypothesis 2. The characteristics of the research collaboration strategies of women 
and men will be different. 
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Hypothesis 2.1 The overall strength of ties in collaboration relationships will be 
less strong for women than for men 
Hypothesis 2.2 The tie characteristics of collaboration relationships that are 
related to access to scientific information will be different for women and men 
Hypothesis 3. The level of access to scientific information through collaborators 
will be higher for men. 
3. Research background  
The data analyzed for this study comes from a survey of researchers working in eleven 
publicly funded nano-technology research centers in Spain. All of these centers were 
publicly funded and administered, situated either in universities or CSIC (Spanish 
National Research Council). In Spain, employees of publicly funded research organizations 
such as the CSIC and universities are mainly public servants, often with lifetime tenure. As 
prior studies have shown, job changes and spatial mobility are not highly valued in the 
Spanish system and are not correlated to career progress (Cruz-Castro and Sanz-Menéndez 
2010). In the Spanish professional context then, networks and career maps should not be 
seen as ‘replacing’ hierarchy and organization ladders as was found in a US industry context 
(Williams, Muller and Kilanski 2012). Rather it is likely that inter-organizational 
informational networks between individuals co-exist with typical hierarchical features of 
organizations that can be expected to produce differential career outcomes by gender (Acker 
1990), in this case among cohorts of employees with highly stable long-term job tenure. 
In terms of gender issues, the emergence of the European Research Area is of particular 
significance in relation to science careers. The principle of equality of opportunities for 
men and women is enshrined in the European Treaty of Amsterdam (Articles 2, 3). The 
‘mainstreaming’ of gender equality of opportunity into all policy areas has been 
subsequently pursued. In 1999, the European Commission communication on ‘Women 
and science: Mobilising women to enrich European research’ recommended several 
measures to mainstream gender equality for integration into the Fifth Framework 
Programme. The recommended strategies and measures included a 40% participation rate 
of women, on average, throughout the 5th Framework Programme, in Marie Curie 
scholarships, advisory groups and assessment panels. In November 1999, the Commission 
established the Helsinki Group on ‘Women and Science’, as a space for dialogue on local, 
regional, national and European policies, experiences and best practices for promoting 
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gender equality and the participation of women in scientific fields. In its Resolution of 26 
June 2001 the Council invited Member States to collect gender-disaggregated statistics in 
human resources in science and technology and to develop indicators in order to monitor 
progress towards equality of opportunity and equity of outcomes for men and women in 
European research. 
Available quantitative indicators suggest that whilst progress has made toward gender 
balance in European science, “[w]omen in scientific research remain a minority, accounting 
for 30% of researchers in the EU in 2006” (European Commission 2009: 7). Participation of 
women and men remains uneven, by field. In the EU-27 in 2006, women made up 52% 
of PhD graduates in Humanities and Arts and 46% of PhD graduates in Social Sciences, 
Business and Law. In contrast, 41% and 25% of PhD graduates in Science, Maths and 
Computing and Engineering, Manufacturing and Construction, respectively, were 
women. Data also shows the careers pipeline remains leaky for women scientists with 
under-representation of women at higher levels/ranks. For example, women made up 
36% of PhD graduates in science and engineering in the EU-27 in 2006, but just 22% of 
researchers at Level B (mid-level research positions) and 11% of Level A (top level 
research positions) within professional science (European Commission 2009: 74). In 
Spain, women held 17% of Level A positions in Natural Sciences in 2007, compared to 
8.1% in Engineering, 18% in Medical Sciences, 20% in Social Sciences and 27% in the 
Humanities (European Commission 2009: 79). Gender balance in the science careers 
pipeline has thus been promoted quite strongly within European research governance, but 
remains a work in progress at both national and European levels.  
4. Data and methods  
Our data is drawn from the field of academic research in nanotechnology. Nano-researchers 
focus on the development of technologies at the nano-scale (approximately 1–100 nm range) 
requiring costly equipment such as clean rooms, extremely high-powered microscopes and 
powerful lasers, which have to be obtained and operated collectively. Moreover, 
nanotechnology is an area of research where traditional disciplines merge —material 
science, molecular biology, chemistry and physics (Stix 2001) - and where collaboration 
with other researchers has become essential (Palmberg, Dernis and Miguet 2009; Islam and 
Miyazaki 2009). Research in this field includes areas as diverse as medical applications, 
electronics, robotics, metrology, instrumentation, environment, etc. These areas of 
knowledge do not necessarily share a direct link, on the contrary, there is considerable 
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cognitive distance between some of them (Meyer and Libaers 2008), resulting in differing 
resource requirements and ways of collaborating with other actors. The study was limited to 
scientists working in the more homogeneous sub-field of advanced materials to reduce the 
heterogeneity of the sample. The eleven publicly-funded research centers included explicitly 
state (via public reports or on their web site) that nano-materials research is their primary 
activity. Each had published their researchers’ names and e-mail address on their website. 
We harvested information on 866 individuals conducting nano-materials research from these 
websites as the basis of our sample. 
4.1 Data collection and respondents 
Data was collected using an online survey. We piloted a preliminary version of the survey 
instrument with ten experts on organizational studies and innovation. The second version of 
the questionnaire was tested in March 2008 with six nanotechnology researchers not 
included in our sample. This second version underwent extensive qualitative pretesting that 
involved in-depth interviews with the six researchers. Each interview was approximately 30 
minutes in length. We used feedback from the interviews to refine the wording of the 
questions, the scales of the answers and the overall presentation of the survey. The survey 
was also designed and tested in both Spanish and English to address those researchers whose 
native language was not Spanish. 
The survey was conducted in April 2008. An invitation email was sent with a link to the 
online survey. Each e-mail was personalized and contained information on the project and 
the researcher, including contact details. The questionnaire was also personalized and could 
be saved and resumed to reduce the time burden. Two shorter reminder emails were sent 
(Dillman 2007). We received 213 responses, which constituted a 25% response rate. 
Responses with excessive missing values were excluded, as were those where the respondent 
did not report at least one tie with an external collaborator. To reduce the probability of 
errors arising from the inclusion of researchers working in other nanotechnology sub-areas, 
we incorporated two screening questions to confirm that respondents were working on nano-
materials. 
The final data set includes completed records from 161 individual respondents, of whom 94 
were men (58.4%) and 67 were women (41.6%). These respondents reported a total of 594 
collaboration relationships: 366 (61.6%) being links between a male researcher and a 
collaborator; and 228 being links between a female researcher and a collaborator (38.4%). 
Table 1 summarizes the relationships reported. 
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Table 1. Survey respondents’ collaboration relationships, by academic rank and 
collaborator’s gender 
 
Overall respondents are distributed symmetrically across the three levels of rank, with one-
quarter of respondents at the top and the bottom of the hierarchy and half in the middle 
range. However, the proportion of women at the top academic rank is much lower than that 
for all respondents. There is also disproportionately high numbers of women at the bottom 
level of the ranking hierarchy. Women respondents have women collaborators with slightly 
greater frequency (27%) than do respondents overall (23%). 
Respondents were asked to specify activities constituting their collaboration relationships. 
This enabled us to verify that collaboration relationships were more developed than simple 
contacts and sufficiently durable to have resulted in substantive and/or productive joint 
activities. The main collaborative activities included research projects (92%) and co-
authored research publications (57%). In terms of scientific disciplines, respondents were 
mainly from physics (40%), chemistry (40%) or engineering (17%) backgrounds. 
4.2 Unit of analysis and measurement 
Unit of analysis. The unit of analysis is the relationship between a researcher (respondent) 
and a collaborator. As described above, the collaboration relationship is fundamental to the 
conduct of scientific work and the progress of scientific careers. Scientific collaboration is an 
intrinsically social process (Katz and Martin 1997) which takes place within specific 
organizational and cultural contexts. Interactions between research professionals are 
simultaneously shaped by formal structures of authority (Acker 1990) and mechanisms of 
collaboration (D´Este and Fontana 2007), the norms of academic faculty and scientific peer 
communities (Fox 2010; Gläser and Laudel 2008) and the interactions between networks of 
individuals (Bozeman and Corley 2004; Powell 1990). The know-how and information that 
researchers accumulate over time constitute their trade-able stock of knowledge (McFadyen 
and Cannella Jr. 2004) with exchanges of knowledge between collaborators always taking 
place within the context of interpersonal relationships (Oliver and Liebskind 1997). The 
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timing and relevance of reciprocity is also important in the development of trust through 
such knowledge exchanges (Bourdieu 1975; Ensign 2009). We thus utilize the researcher-
collaborator relationship as the basic unit of a complex and dynamic web of interactions. 
Measurement. The dependent variables are access to general-strategic scientific information 
through collaboration relationships and access to specific-instrumental scientific information 
through collaboration relationships. We used a broad definition of general-strategic scientific 
information to include information related to advances, discoveries and research 
opportunities. We used a more narrow definition of specific-instrumental information to 
refer to information directly related to respondents’ current research needs. These two 
variables were measured using 4-point Likert-type scales ranging from completely disagree 
to completely agree. For general-strategic information, respondents were asked to indicate to 
what extent they agreed with the following statement about their research collaborator: “This 
person supplies me with information related to advances and discoveries in general”. For 
specific-instrumental information, respondents were asked to indicate to what extent they 
agreed with the following statement about their research collaborator: “This person supplies 
me with information adapted to my own research needs”. The primary purpose of our 
statistical analysis is to determine whether women and men have different outcomes in terms 
of access to these types of information resources through their collaborators. 
The independent variables relate to collaboration strategies. We utilized network analysis 
techniques for measuring the strength of relationship ties as a proxy measure for research 
collaboration strategies. Following Granovetter (1973), we measured four dimensions of ‘tie 
strength’ in relation to the respondent-collaborator relationship. These dimensions are: 
interaction frequency; years in contact; degree of friendship; degree of trust; and 
reciprocity1. Each of these is ranked on a five-point ordinal scale. As suggested by 
Granovetter (1973), we constructed a measure for tie strength that combines each of the five 
dimensions with equal weight. However, we also analyzed the role of each of these 
                                                 
1 Following Granovetter (1973: 1361), social network analysts have traditionally grouped interpersonal 
connections into two categories: strong and weak ties. Strong ties are based on trust, friendship, reciprocity and 
relatively high frequency of interaction. Weak ties are characterized by infrequent interaction and not based in 
friendship, trust or reciprocity. In this study, we set the threshold of our researcher-collaborator relationships at 
a relatively high level - by requesting information on joint activities (projects) or outputs (papers) - to ensure 
we were dealing with research collaboration. In the terms of social network analysis, we can probably therefore 
consider our collaboration relationships to be based in relatively strong ties. However, our interest lies not in 
evaluating whether interpersonal ties are relatively ‘strong’ or ‘weak’ but in identifying whether there are 
gender differences in the characteristics of collaboration strategies. The social ties framework was thus used as 
a tried and tested data collection technique that can be used to calculate both a measure for overall strength of 
relationships as well as multiple components composing this measure. 
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dimensions separately. Interaction frequency indicates the frequency of contact between the 
researcher and each collaborator. It is an ordinal variable with five categories ranging from 
yearly to weekly. Years in contact addresses the life-span of the relationship. It is an ordinal 
variable containing five time ranges. The degree of friendship reflects the emotional 
intensity of a relationship (Marsden and Campbell 1984; Gibbons 2004). In line with 
(Gibbons 2004), we asked respondents to indicate to what extent they agree with the 
following statement regarding each of their collaborators: “I consider this person my friend”. 
Responses were given on a 5-point Likert-type scale. The degree of trust variable reflects the 
actors’ mutual vulnerability in terms of taking each other into their confidence (Uzzi 1996; 
Mayer, Davis and Schoorman 1995). Trust influences the kind of information collaborators 
are willing to share (Gibbons 2004). If there is a lack of trust, confidential information is less 
likely to be shared due to unpredictability regarding how the information is used or shared 
(Krackhardt 1992). Alternatively, trust increases the extent to which confidential or sensitive 
information is exchanged. We asked respondents to what extent they consider each of their 
collaborators to be trustworthy. Again we used a 5-point Likert-type scale. Finally, 
reciprocity is adapted from Friendkin’s (1980) measurement of tie strength. He defined 
strong ties as “those in which both faculty members’ current research activity has been 
discussed…” (Friedkin 1980). We asked whether the respondent seeks ‘personal and 
professional advice’ from each of their collaborators. We also asked respondents whether 
their collaborators seek these types of advice from them and then averaged the results of 
these two questions. 
Our models included two control variables associated with respondents’ researcher careers. 
Academic rank refers to the respondents’ hierarchical position and distinguishes between full 
professors, associate scientists and post-doctoral researchers/PhD candidates. Type of 
research controls for differences in the type of research activity (OECD 2002), respondents 
conduct distinguishing between pure fundamental, pure applied and a combination of 
fundamental and applied research (strategic basic). Two dummy variables were included to 
control for characteristics of the collaborators. Geographical location distinguishes whether 
the collaborators’ proximity is regional, national or international. Organization type controls 
for collaborators’ institutional affiliation and distinguishes between contracts from 
universities, firms and government organizations. Finally, controls were included for the 
types collaborative activities conducted through each collaboration relationship, including: 
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1) joint research projects or contracts; 2) co-authored publications; or 3) other activities 
(consultancies, creation of new facilities or spin-off companies, training, etc.). 
4.3 Analysis techniques 
Three main non-parametrical statistical techniques were used in our analyses, U Mann-
Whitney test, ordered logistic regressions and bootstrapping. The U Mann-Whitney test was 
used to analyze gender differences in the strength of ties between respondents and their 
collaborators and gender differences in respondents’ access to scientific information through 
their collaboration relationships. 
Logistic regressions were used to determine the characteristics of collaboration strategies 
that are related to greater access to general-strategic and specific-instrumental information. 
Robust estimators (Huber-White sandwich) were used to estimate standard errors. These 
estimators are considered robust because they provide correct standard errors in the presence 
of violations (e.g. heteroscedasticity) of the assumptions of the model (Long and Freese 
2001). Working with dyadic data can imply a violation of the assumption that the 
observations are independent. Since a single researcher can have relationships with different 
partners, our respondents were allowed to report multiple relationships. As a result, the error 
terms in the regression could be affected, given that they can be correlated across 
observations from the same source. To account for this, we used a cluster option in the 
estimation to indicate that the observations (relationships) were clustered into individuals. 
Therefore, the ties reported were possibly correlated within the responses given by one 
particular individual, but would remain independent between the 161 researchers. The robust 
cluster technique affects the estimated standard errors and variance-covariance matrix of the 
estimators, but not the estimated coefficients (Long and Freese 2001).  
Finally, we used non-parametric bootstrapping procedure to compare differences in the 
estimated coefficients for tie strength coefficients obtained from the ordered regressions 
(Angrist and Pischke 2009). The resulting p-values will allow us to check whether or not 
women’s and men’s collaboration strategies have significantly different outcomes in terms 
of access to each type of scientific information. 
5. Findings  
The predominance of men in professional science careers in STEM fields meant that gender 
homophily would likely be absent for the majority of women’s collaboration relationships - 
while the inverse would be true for men. In our data, 28% of women respondents’ 
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collaboration relationships were with other women. In contrast, 80% of men’s collaborations 
were with other men. This salient fact highlights a structural characteristic of STEM fields 
that impacts on respondents – a substantial gender differential in the proportion of 
collaborations that are gender homophilous and heterophilous. Our regression models are for 
all collaborations, however in what follows we also analyze selected results for gender 
homophilous collaborations to identify whether this factor appears to be influencing our 
results. 
Table 2 displays the descriptive statistics (means and standard deviations) and correlation 
coefficients for our variables by gender. In the case of men’s collaboration relationships, the 
results show significant correlations between the dependent and independent variables, as 
well as adequate correlation among independent variables. In the case of women’s 
collaboration relationships not all independent variables correlate with statistical 
significance. Years in contact does not show a significant coefficient with either type of 
information. Overall, correlation coefficients are generally lower in the case of women’s 
collaboration relationships than is the case for men’s relationships. 
Table 2. Descriptive Statistics and Correlation Coefficientsa 
 
5.1 Results for collaboration strategies 
Table 3 shows results for the various characteristics of respondents’ collaboration 
relationships. The calculation of overall tie strength between respondents and all 
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collaborators is higher for men, with statistical significance. Hypothesis 2.1 is thus 
confirmed (p<0.01). 
Table 3. Mean differences for characteristics of collaboration strategies by genderb 
 
Of the elements summarized in the tie strength measure, interaction frequency and 
reciprocity are not significantly different on the basis of gender. Years in contact, friendship 
and trust are all stronger for the collaboration relationships of men and with statistical 
significance. For both women and men trust appears as the strongest component of their 
collaboration relationships. 
Table 3 also shows that differences between women and men are much reduced when only 
gender homophilous collaborations are considered. Only the difference between years in 
contact is a result with statistical significance in this comparison. This result seems 
consistent with a STEM research field in which there are greater numbers of men and fewer 
women in high level positions, (senior positions usually require relatively long career 
experience). It seems highly likely that the structural characteristic of the STEM that causes 
women to have a much greater proportion of gender heterophilous collaborations than men is 
an important determinant of the differences in collaborations strategies by gender we 
observe. In addition, if the results for women respondents shown in Table 3 are compared, 
higher levels of friendship, reciprocity and trust are perceived when collaborators are other 
women than for collaborators overall.  
Table 4 shows the models used to test the interactions between collaboration strategies and 
access to scientific information. 
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Table 4. Results of Ordered Logic Regression (OLR) models, access to types of scientific 
information by gender 
 Women Men 
 
General-strategic 
information 
Specific-instrumental 
information 
General-strategic 
information 
Specific-instrumental 
information 
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
TIE STRENGTH 0.27** (0.05)   0.23** (0.06)   0.35**(0.04)   0.34** (0.04)   
TIE CHARACTERISTICS                 
Interaction Frequency   0.07 (0.20)   0.22 (0.16)   0.35** (0.13)   0.55** (0.14)
Years in contact   -0.11 (0.13)   -0.06 (0.13)   0.04 (0.14)   0.15 (0.15)
Friendship   0.44* (0.22)   0.44* (0.24)   0.45* (0.21)   0.23 (0.21)
Trust   0.67* (0.33)   0.19 (0.31)   0.32 (0.21)   0.60** (0.20)
Reciprocity   0.25 (0.28)   0.31 (0.25)   0.52* (0.20)   0.31 (0.23)
CONTROL                 
Research Activity Type       
Basic 0.10 (0.45) 0.12 (0.44) -0.49(0.40) -0.46 (0.40) -0.14(0.37) -0.68 (0.37) 0.13 (0.37) 0.09 (0.38) 
Applied 1.92* (0.81) 1.95* (0.82) 2.22**(0.69) 2.34**(0.73) 0.21 (0.51) -0.30 (0.56) 0.31 (0.56) 0.20 (0.57) 
Academic Rank                 
Professors 0.18 (0.71) 0.61 (079) -0.95(0.99) -0.88 (1.03) 0.05 (0.57) 0.13 (0.37) 0.03 (0.42) 0.13 (0.74) 
Postdocs 0.46 (0.39) 0.21 (0.37) -0.01(0.41) -0.26 (0.40) 1.25*(0.56) 1.08† (0.62) 0.89† (0.50) 0.75 (0.54) 
Organization Type                 
Firm -1.34*(0.64) -1.16† (0.72) -0.88(0.62) -0.82 (0.70) 0.06 (0.34) 0.06 (0.34) 0.01 (0.32) -0.08 (0.32) 
University -0.68*(0.36) -0.68* (0.35) -0.14(0.32) -0.06 (0.32) 0.15 (0.26) 0.17 (0.25) 0.31 (0.28) 0.32 (0.28) 
Geographical Location                 
Regional -1.22**(0.39) -1.25**(0.41) -0.37(0.40) -0.39 (0.44) -0.03(0.33) -0.04 (0.33) 0.37 (0.34) 0.36 (0.33) 
International -0.40 (0.44) -0.54 (0.43) 0.24 (0.39) 0.21 (0.40) 0.50†(0.30) 0.50† (0.29) 0.53† (0.28) 0.59* (0.29) 
Collaboration Activities                 
Research Projects 0.62 (0.68) 0.50 (0.64) 0.33 (0.64) 0.15 (0.66) 0.20 (0.32) 0.25 (0.33) 0.87**(0.34) 0.82* (0.36) 
Publications -0.01 (0.41) 0.14 (0.41) 0.74†(0.50) 0.82† (0.49) -0.16(0.35) -0.03 (0.35) -0.03 (0.35) 0.01 (0.36) 
Others 0.02 (0.42) -0.01 (0.41) -0.28(0.37) -0.33 (0.36) -0.01(0.35) 0.04 (0.35) -0.07 (0.32) -0.10 (0.32) 
# of observations (relations) 228 228 228 228 366 366 366 366 
# of clusters (individuals) 67 67 67 67 94 94 94 94 
Prob > chi2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Log Pseudolikelihood -230.86 -223.90 -195.66 -193.14 -373.08 -368.69 -336.01 -332.03 
Pseudo R2 0.16 0.18 0.19 0.20 0.15 0.16 0.16 0.17 
**p < 0.01; *p < 0.05; †p < 0.1. 
The results for all our models show that overall tie strength is positively related to access to 
scientific information. Hypothesis 1 is thereby supported. Working to strengthen ties with 
collaborators is an effective strategy in the interests of acquiring scientific information 
through collaboration relationships. However, when tie strength coefficients for women and 
men are compared, it appears that strengthening ties is more strongly related to information 
rewards for men than for women. Women appear to gain less from their efforts to build 
interpersonal professional relationships with collaborators than do men. To test this result we 
performed a bootstrapping analysis of the coefficients for tie strength (Table 5).  
The bootstrapping results show no gender difference in the relationship between overall tie 
strength and access to general-strategic information (Model 1 and Model 5). For specific-
instrumental information (Model 3 and Model 7) the difference approaches significance 
only. 
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Table 5. Results of bootstrapping on correlation between access to scientific information and 
tie strength 
 
Therefore, although it seems that strengthening interpersonal ties has a greater impact on 
information access for men’s collaborations, this is true only for specific-instrumental 
information (p<0.10). These results suggest that strengthening ties with collaborators is 
likely to be an equally efficient strategy for both women and men. However, it should again 
be recalled that women have a higher proportion of gender heterophilous collaborations than 
do men, increasing the difficulty women face to strengthen interpersonal ties (Table 3). 
Models 2, 4, 6 and 8 present the results when collaboration strategies are unbundled into 
their component relationship characteristics. Model 2 show that women’s access to general-
strategic information through their collaborators is based on trust and friendship. Men’s 
access to general-strategic information is related to interaction frequency, reciprocity and 
friendship (Model 6). Women’s access to specific-instrumental information is related to 
friendship (Model 4), while men’s access to this type of information is based on trust and 
interaction frequency (Model 8). Hypothesis 2.2 is thus confirmed for both types of scientific 
information; women and men utilize different strategies to acquire scientific information 
through their collaborators. 
5.2 Results for access to scientific information 
Gender differences in the level of access to scientific information through collaboration 
relationships are shown in Table 6.  
Table 6. Mean differences, access to information by gender and scientific information typec 
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Men acquire greater general-strategic information resources through their collaborators than 
do women, and this result is statistically significant (p<0.05). The difference between 
women and men in relation to the acquisition of specific-instrumental information 
approaches significance (p<0.10). Hypothesis 3 posited that men will acquire more 
informational resources than women and is therefore partly confirmed. Once again we 
compare these results with those of same gender collaboration relationships. Results for the 
level of access to information through collaboration relationships with same-gender 
collaborators show little difference from results for all collaborators. This is as we might 
expect, the advantage men enjoy in terms of acquiring general-strategic information from 
their collaboration networks would not be expected to diminish when only collaborations 
with other men are considered, given the concentration of men in high level positions in 
STEM fields.  
5. Discussion and conclusion 
Collaboration relationships are known to be the backbone of the collective work of scientific 
research. Our results confirm the evidence of prior literature that collaborators are an 
important source of professional information. An effective strategy for researchers to follow 
is to strengthen ties with their collaborators. It is apparent that this is an effective (Table 4), 
and equally efficient (Table 5), strategy for both genders. It is also apparent that women and 
men follow different interpersonal strategies to strengthen collaborations (Table 4) and that 
the outcomes in terms of access to scientific information are unequal (Table 6). 
Structural factors that impact negatively on women’s careers relative to men appear to be an 
important determinant here. A major issue is the fact that women are forced to maintain a 
much higher proportion of gender heterophilous collaborations than are men. This makes the 
task of strengthening interpersonal ties more difficult for women. As described in the 
literature, women scientists initially tend to form the majority of their collaboration ties with 
other women, but as careers progress to higher levels there are less available women and 
tenured women’s collaborations tend to approximate those of tenured men. As women are 
promoted within the scientific hierarchy, they are compelled to form new ties that are more 
likely to be with men and to have relatively low levels of interpersonal tie strength. In 
particular, moving up into hierarchical levels dominated by men can lead to lower levels of 
friendship and trust, which are precisely the two tie characteristics that women most rely to 
build and deepen collaboration relationships. 
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The results also show the relationship between the collaboration strategies and access to 
scientific information to be an important aspect of research careers. We used established 
measures of network ties to compare the collaboration strategies of women and men. Our 
finding here is quite unequivocal; women and men do have different strategies when it 
comes to acquiring scientific information through their collaboration relationships. 
We found that among women researchers, friendship is the only predictor of access to both 
types of information, while trust is also a predictor of access to general-strategic information. 
The literature often classifies women’s connections as ‘expressive’ in comparison with 
men’s more instrumental ties (Brass 1985; Scott 1996). Such ‘expressive’ ties are 
characterized by a greater level of friendship. Our finding appears consistent with these 
previous studies. On the other hand, interaction frequency is the only predictor of access to 
both types of information among men. Friendship and reciprocity are also predictors of 
access to general-strategic information for men; a result consistent with the findings of 
Durbin (2011). Trust is the only other predictor of access to specific-instrumental 
information for men. The collaboration relationships of scientists appear, then, to be based in 
quite different combinations of professional (instrumental) and personal (expressive) 
strategies. Further research may be directed at the question of whether the apparent strong 
basis of women’s collaborations in friendship is first, related to the domination of STEM 
fields by men and, second, a weakness in relation to gaining access to scientific information, 
particularly of the specific-instrumental type. 
Our results for access to information suggested men receive greater access to general-
specific information through their collaborators and that this difference persists even when 
comparing the gender homophilous collaborations of women and men (Table 6). This result 
could be interpreted in relation to the findings of Durbin (2011), as suggesting a level of 
control over this form of information akin to the functioning of an “old boys’ network”. If 
important general-strategic information, such as new unpublished findings or emerging 
opportunities for obtaining large-scale infrastructure support, is more easily acquired by men 
than women, then the careers of women researchers are likely to be disadvantaged. The fact 
that women reported lower access to this information than men, despite almost three-quarters 
of their reported collaborations being with men, suggests inequality in the way this type of 
information circulates that has a gender dimension. 
In conclusion, interest in science careers has been developing steadily as realization grows 
that scientists occupy focal ‘knowledge worker’ positions within contemporary society. The 
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issue of who does science and the conditions under which they pursue their careers is also 
receiving significant research attention. The research performing organizations in which the 
vast majority of scientists work are hierarchical and bureaucratic in nature and utilize forms 
of organizing and administering that are not gender neutral (Acker 1990). Other literature 
similarly identifies a range of factors that impact unequally on women’s careers in science. 
In terms of our interests in this paper, we therefore expected that we would find evidence of 
gender difference in collaboration strategies and unequal access to scientific information 
through these strategies. Overall, these expectations were confirmed. 
The first contribution of this paper is to confirm previous research regarding the importance 
of interpersonal relationships in the distribution and exchange of important information in 
professional fields. In particular, the paper makes clear that research collaboration 
relationships are conduits of both information about the general trajectory of research fields 
and about the instrumental requirements of pursuing everyday work in science. The second 
contribution of the paper is to support the prior literature we reviewed on women in science, 
which details the structural factors and cultural issues that women in science must negotiate 
in their professional contexts. Scientific collaboration strategies exhibit gender 
distinctiveness when it comes to accessing scientific information, including for both strategic 
and instrumental types of information. This is certainly to some extent due to the high 
proportion of gender heterophilous collaborations that women, unlike men, must form and 
cultivate. Although the results for the collaboration strategies also vary somewhat by 
information type, the consistent basis of collaboration strategies for women is friendship 
whilst for men it is interaction frequency. The paper thus also extends the literature by 
showing that previous findings regarding the importance of friendship in women’s 
professional networks may also apply to productive scientific research collaborations. 
However, we need to be careful about generalizing this finding too much at this stage, as our 
study was of a specific STEM field in a quite particular national context. 
The third contribution of the paper is to analyses of gender differences in access to resources 
through professional relationships. We did not find conclusive evidence that women obtain 
inferior information outcomes in comparison to men through collaborators, however, our 
results suggest strongly that this is the case. The continued operation of an effective ‘old 
boy’s network’ in STEM fields is likely to form part of an explanation for this. We might 
also speculate that basing collaboration strategies in friendship helps to explain why women 
may acquire less information from their collaborators than do men. In particular, women’s 
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progress in organizational careers may be hampered by reliance on collaboration strategies 
based in friendship or trust, which may be less efficient when those at relatively high levels 
in the academic hierarchy are predominately men. It may also be that building ‘expressive’ 
ties within the professional context of science, where the achievement of scientific goals is 
institutionalized, at least in part, through values such as strategic advantage and competition 
for resources, is a less ‘well-adapted’ strategy than that which is characteristic of men. 
Finally, we can return to the quote from Fox (2001) cited in the introductory section. If 
indeed women are restricted in their access to information within networks, departments or 
disciplinary communities then their career progress will be impaired. Research 
collaborations are arguably the most important relationships of all those making up the 
interactions of professional networks and peer communities in science. The results of our 
study suggest gender inequality in the operation of this fundamental scientific relationship. 
Confirmation of this finding by future studies would be a cause for serious concern. As 
things stand, the importance of the policy push for gender balance within scientific fields and 
in science career trajectories is underlined. If fundamental research collaboration 
relationships inhibit the work and careers of women in science in any way it is the research 
system as a whole and its public backers that lose in the end. 
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